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4 
MOBIALITX 

- 

METHOD OP ANALYSIS 

^ ^ ^ ■ 

The testing of chemical agents in human subjects at Edgevood 
vhlch began in 1955 continued for more than 20 yr. During that 
period , the volunteers participated in an average of 3.1 tests each; 
2 92 participated in only one teat! and 2% participated in 10 or more 
teats. Because most of the volunteers participated in mote than one 
test, the date of the most recent test was arbitrarily set as the 
date on which followup by the Medical Follpwup Agency of the 
National Research Council and the ascertainment of mortality began* 
Follovup continued through December 31 , 19SQ* The period of 
followup ranged' from 4 to a laaxinmra of 26 completed years. 

The experience of 6,620 men is examined .here* One-hundred were 
excluded from the study because of erroneous identification or 
because some essential datum t such as date of birth , was unknown. 
Among those studied, there were 222 deaths. 

Deaths during follovup were identified by matching the 
volunteers against a computerized file of veterans maintained by the 
Veterans' Administration (VA), which Includes the date of death of 

■a -" 

every veteran for whom the VA has received a claim for a burial 
allowance and other veteran death benefits. Both name and service 
number were used for matching* If a death certificate shoving the 
cause of death could not be found Id the VA claim folder for a 
deceased veteran, a copy of the certificate was requested from the 
vital statistics office of the jurisdiction where the death 
occurred* The underlying cause of death vas coded for analysis* 
The 31 deaths for which death certificates had not been received by 
the cutoff date for the receipt of data for ana lysis --March 31, 
1982 — have been classified as "cause of death unknown." These 11 
deaths are distributed In similar proportions between the men who 
received potentially hazardous substances (15% of 134 deaths) and 
the men who did not (131 of 86 deaths). 

The groups of volunteers cannot be compared for mortality solely 
on the basis of numbers of observed deaths. One must also take into 
account the number of years that each group has been followed and 
the ages of the men being observed. The volunteers in the early 
test years were about the same age as men used in tests conducted 
during the later years (Table 4-1). However, the men tested in the 
early years not only are under observation for a much longer period 
than men used in the most recent tests » but also have grown older 
and have had a longer followup. Consider two volunteers of the same 
age at testing, one whose followup began In 195S and the other in 
1970* The first man will have aged 15 yr by the time the second man 
Is tested and will have been exposed to the risk of dying for an 
additional 15 yr at the end of follovup. Thus, the proportion of 
volunteers who die during followup will decrease for esch succeeding 
test group t in the absence of any drug effect. 

The testing of drugs spanned a period of 21 yr. However, some 
chemical agents were tested earlier than others (Table 4-2)* The 
testing of LSD and derivatives was concentrated in the early years; 
more than half the total number of doses had been administered by 
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the end of 1959* At the other extreme were the approved drug* 
innocuous substances, and control substances, which were 
administered late in the testing period* One can therefore expect a 
much higher proportion of men in the LSD tests to have died than of 
the men who received approved drugs, innocaouu chemicals, or control 
substances, even if LSD and its derivatives have no adverse effects 
on survival. 

If one calculated the numbers of deaths expected among a test 
group of men, on the basis of their ages and the numbers of years 
they were followed , one would have a yardstick for assessing the 
significance of the number of deaths observed during followup. The 
ratio of observed deaths to expected deaths, the standardized 
mortality ratio (SHE) t can be used to compare the mortality 



experiences o+ two or sore groups* ucpecteu ueatiis ^y uudcrlyliig 
cause were calculated on the assumption that the volunteers 
experienced U.S. male, age-specific death rates for each calendar 
year of followup* 

RESULTS 

Because most of the volunteers participated in two or more 
tests, an analytic problem arises: If one of the test substances, 
say Substance A, produced detectable adverse effects, such effects 
would also tend to appear among men who received Substance B if 
there were many men tested with both substances k and B. 
Accordingly, data on men who were tested with any particular 
substance are shown in two nonover lapping groups: those who received 
"only* that substance (whether once or more than once) and those who 
received "not only" that substance but other active substances as 
well* 

Observed and expected numbers of deaths and the ratios of 
observed to expected deaths, the SHRs, by underlying cause of death 
in volunteers who were exposed to chemicals of various types, are 
shown In Table 4-3- As noted above! a distinction has been made 
between men who received only one type of chemical and those who 
were exposed to two 'or more types (the "not only" groups) - 

The SHE for the total experience, 0.81 p indicates that observed 
mortality for all causes was -only 81Z of expectation* That reflects 
the requirement that a man meet minimal health standards to be 
accepted into the Army; the screening process results in a death 
rate that la lower than that of U*S« males in general, and this 
effect persists for many years* It Is evident that men who were 
tested with active) substances had been subjected to additional 
Screening, So these men constituted an unusually fit group and might 
be expected to have unusually low mortality for a number of years. 
This phenomenon Is Identical with the "healthy-worker" effect that 
is seen In most studies of occupational group* Ken who were exposed 
to two or more types of chemicals experienced lower SM&s than those 
exposed to only one type of compound, again because of selection, a 









multiple teats* 

Mo "ill causes" SHE exceeded 1 by an amount greater than can 

reasonably be attributed to chance* The high SHR, 1.11, 
representing sn 111 excess of observed deaths, occurred in the "no 
test" group—men who were not exposed to any chemical agent, 
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possibly because of some health defect detected in the examination 
that preceded testing. The highest SHE, 1.20, occurred la the email 
group of men exposed only to the cholinestaraee react i /a tors and 
represents id excess over expectation of leas than a single death. 

The only other SMR to exceed unity occurred In aen who were exposed 
to the anticholinergic chemical* only. Hen vho were exposed co 
anticholinergic chemicals plus other chemicals (which sometime a 
included substances to counteract the effects of the anticholinergic 
chemicals) had an SMR* 0. 56 , which la significantly below unity. 
However 4 when 212 aen exposed to low single doses and 319 to high 
single doses were examined separately , no dose effect was apparent. 

Bad the anticholinergic chemicals increased the risk of dying, one 
would have expected that increase to be larger In men with larger 
■ingle exposure a* 

No evidence of a deferred, drug-induced mortality increase was 
seen when the experiences of the first 10 and remaining 16 follow-up 
years were examined separately. Of the 14 categories of 
experimental chemicals studied, only two had an SMR exceeding unity 
during the last 16 follow-up years* One of these (cholinest erase 
reactivator, only) was clearly due to small numbers, one observed 
death with 0*8 deaths expected, while the other t 47 observed versus 
39.7 expected deaths, was seen in the 1,719 volunteers who were not 
exposed to any of the chemicals, the "no teat" group* We can state 
with 95-percent certainty that the true SMR for these men during the 
first 10 years fails between 0*69 and 1.36, while the limits for the 
last 16 years are 0*83 and 1*54, respectively* 

Host of the experimental chemicals were administered to too few 
volunteers to he examined separately for an influence on mortality. 
However, a few were considered of sufficient interest to justify 
being examined in that way (Table 4—4)* The specific chemicals are 
grouped by type. The SMEs for these Individual compounds range from 
a low of 0*80 (nine observed, 11.3 expected deaths) for the men 
tested with sarin only, to a high of 2.50 (five observed, two 
expected) for scopolamine only* Atropine, a therapeutic 
anticholinergic similar to scopolamine, had the next highest SMR, 

1*76 (three observed, 1.7 'expected)* Of the eight deaths of men who 
received one or the other of these two therapeutically similar 
compounds, three were attributed to trauma (one accident, one 
suicide, and one other trauma) , and one was due to cancer; the 
causes of the other four will not be known until the death 
certificates are obtained* 

The SMEs become much more erratic when attention is directed to 
the underlying causes of death, because of the small expected 
number* If 0.5 deaths are expected , the SMR will be 0.0, 2.0, or 
4*0, if only aero, one, or two deaths are observed. 

Trauma was the underlying cauae of 86 deaths, compared with 
128.2 expected, for an SMR of 0.67* These volunteers had a 
significantly lower death rate from injury than that experienced by 
U.S. males In general* Thia tendency la seen in every category of 
test chemical, with two exceptions — the S70 men who received 
anticholinergic agents only (10 observed, 10*0 expected, SMR - 1*00) 
and the 607 men who received choline a teraae reactivators (11 
observed, 11*0 expected, SMR - 100)* In each instance, deaths due 
to homicide contributed to the excess. It would be difficult to 
attribute an increase in deaths due to trauma to effects of the two 
types of chemicals f because the excess is not seen among all 



79 



Create PDF with G02PDF for free, if you wish to remove this line, click here to buy Virtual PDF Printer 



• 



volunteer* expoeed Co them* No excess It seen in the 
anticholinergic "not only" group or in the chollnesterase 
reactivator "only" group. 

Three diseases were responsible for nore deaths then expected 

among all volunteers; cancer of the respiratory tract, leukemia and 
a leukemia, and renal disease. All three renal-disease deaths vera 
in the no-teat group; the excess ia clearly not a drug effect. The 
excess of respiratory-cancer deatha derive* in part froai the control 
and no-tee t groups; that suggest e that the excees is general, not 
drug-related. Deatha due to respiratory cancer vere responsible for 
an SHI of 1.11 In a group of World War II and Korean Conflict 
veterans (1). It is possible that the proportion of 
cigarette-mmokara ia higher among vateraae than in the U.S. male 
population in general* The third disease causing more deatha than 
expected ia leukemia and aleukamia (four observed , 2.8 expected, SHR 
■ 1.43)* One death occurred in the iDnocuoua-cheaical and-control 
group. Of the other three who died of leukemia or aleukemia, tvo 
bad received anticholinesterase ageate, two chollnesterase 
reactivators, and one each irritants, cannabis, and an unclassified 

chemical (included under total emparlance in Table 4-3), When the 
total volunteer experience ie divided into the 1,984 men who did not 
receive potentially hazardous chemicals and the 4,636 men vho did, 
the average annual death rates from leukemia are similar— 3.4 and 

4.0 per 100,000 pereon-yr of observation, respectively. 

What ia the chance that an increased risk of death will actually 
be detected? after choosing a level of significance at which the 
null hypothesis (no increased rlak) will be rejected (P .OS, say), 
the power of a compariaon ia the probability that, in fact, the 
number of deatha observed will ba large enough to constitute a 
significant ezceea ovar the number expected if there were no 
increased rlak* 

Power can be large if the relative rlek ia large or if the 

sample is sufficiently large. If the sample la small, then only 

fairly large relative risks trill be detected with high probability. 
In particular, if 10 or mora deatha would be expected on the null 

hypothesis, a relative risk of 2.0 would be detected in more than 80 
percent of trials (power greater than 0*80} - The same power ia 
achieved if three deatha arm expected only if the relative risk le 
at least 3*0, and if only two deatha are expected at U.S. population 
rates, the relative rlgk would have to be at least 4.0 to achieve a 
power of 0.80. Whan tha number of man exposed to a given chemical 
are email enough or the condition at increased risk rare enough to 
produce an axpected value of only 0.1 deaths, failure to demonstrate 
a significant Increase would mean only that the relative risk le 
less than 30* From a atatistical point of view, the experience 
being studied ia Incapable of demonstrating risks of dying increased 
leas than three- or four-fold* 

It can ba concluded that, over the tine span examined here, 
there ia no evidence that volunteer participation In the teating 
programs had any long-term adverse effect on mortality. 
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Table 1 






Number ■ of Men Tetted by Year of Birth 
end Year of Beginning of Followup 



1 



Year of Birth 


1955- 

1959 


1960- 
1964 ' 


, 1965- 
1969 




No. Mem: 






Before 1920 


35 


17 




1920-1924 


55 


22 


2 


1925-1929 


118 


78 


I 


1930-1934 


417 


139 


17 


1935-1939 


491 


837 


77 


1940-1944 


47 


978 


805 


1945-1949 




31 


1,191 


1950-1954 






18 



19 70 



After 




1 



11 



69 



571 



516 



70 



Total 



52 



79 



197 



573 



1,422 
1,899 



1.793 



534 



71 



Total 



1,163 



2,102 



Keen Year of Birth: 



2,112 



1,243 



6,620 



1934 



1939 



1945 



1950 



1942 



Mean Age at Beginning of Followup, yr 



23.9 



23.5 



22.4 



21.8 



23.1 
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T*bU 2 



Median Yean in Which Categories of 
Chemicals were Adminii tared 



Gate 




Anticholinesterases 



Irritants 
Cannabis 

liSB derivative! 

Approved drugs 






Innocuous chemical ■ and controls 



, 



■ 






■ 
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Year 



1962 



Anticholinergic* 196a 

Cholineaterase reactivat 



° r « 19 6S 



1967 



1965 



1959 



1971 



1971 
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